Here we report on the first successful exoplanet transit observation with the Stratospheric Observatory for Infrared Astronomy (SOFIA). We observed a single transit of the hot Jupiter HD 189733 b, obtaining two simultaneous primary transit lightcurves in the B and z ′ bands as a demonstration of SOFIA's capability to perform absolute transit photometry. We present a detailed description of our data reduction, in particular the correlation of photometric systematics with various in-flight parameters unique to the airborne observing environment. The derived transit depths at B and z ′ wavelengths confirm a previously reported slope in the optical transmission spectrum of HD 189733 b. Our results give new insights to the current discussion about the source of this Rayleigh scattering in the upper atmosphere and the question of fixed limb darkening coefficients in fitting routines.
Introduction
The exploration and detailed analysis of exoplanet atmospheres is one of the most dynamic fields of astrophysics today. The first successful observations probing the atmospheric properties of Jupiters were conducted with the Hubble Space Telescope's (HST) STIS instrument (1) and with the Spitzer Space Telescope's (Spitzer) IRS instrument (2; 3) . Approximately a decade later, we are now able to analyze the atmospheres of planets down to Neptune (GJ 436b, 4) and super-Earth (GJ 1214b, 5) sizes. High signal-to-noise observations of the absorption depth of molecular bands with strong signatures in the optical and infrared portions of the spectrum can determine both the temperaturepressure thermal profile as well as the abundances of atmospheric constituents, helping to constrain the overall atmospheric chemistry and structure (6; 7; 8) . It has also been shown that the relative abundances of atomic species such as C, O, and N in a gas giant's atmosphere could be indicative of the region of the proto-planetary disk in which the planet formed (9; 10; 11).
In this paper we present the first observations of a transiting planet, the well-known transiting Hot Jupiter HD 189733 b, using the Stratospheric Observatory for Infrared Astronomy (SOFIA, 12; 13) . SOFIA consists of a 2.5-meter telescope mounted within a modified Boeing 747-SP aircraft operating at altitudes up to 45,000 feet, thereby offering the opportunity for observations at altitudes where the telluric absorption from the Earth's atmosphere is greatly reduced. In Section 2 we describe our observations, in Section 3 we describe our data reduction and transit light curve fitting analysis, in Section 4 we describe our results, and discuss the implications for the atmosphere of HD 189733 b and for future observations with SOFIA in Section 5.
Exoplanet observations with SOFIA
As an airborne observatory, SOFIA has a number of potential advantages for precise time-domain spectrophotometric observations of transiting exoplanets. Ground-based observations are significantly affected by variations of absorption from telluric gases, in particular H 2 O, in the Earth's atmosphere, and these same gases are also the species of interest in exoplanet atmospheres; SOFIA can observe in important atmospheric windows not observable from the ground (14; 15; 16; 17) .
These are mostly the water bands but also CO, CH 4 , CO 2 are much better mixed and therefore reduce the temporal variation in these bands, which is a crucial point for time-series observations. These bands are also the molecular bands of interest in targets such as HD 189733 b. The airborne observatory operates in the wavelength regime where the planet's black-body temperature peaks and contrast ratios between star and planet improve, and the SOFIA telescope also operates at lower temperatures (240K) than ground-based telescopes; therefore the contribution from the thermal background (the dominant noise source for transit observations at wavelengths longer than 3 microns) are significantly reduced. SOFIA can observe simultaneously at infrared and optical wavelengths using its FLITECAM (18) and HIPO (19) instruments in 'FLIPO' mode (20) , thereby obtaining light curves for a single transit event over a wide range in wavelength.
However, there are also certain challenges when observing with SOFIA due to the airborne observing environment. In test flights HIPO photometry has been shown to be affected by terrestrial Rayleigh scattering, by ozone extinction in the Chappuis band that varies with position along the flight path, potentially by volcanic aerosols, by pointing errors, and by other factors affecting the PSF (21) . At optical wavelengths the PSF is dominated by wavefront aberrations imposed by the turbulent shear layer that passes over the telescope cavity. The strength of the shear layer density fluctuations varies with the static air density, causing density-dependent interaction of the very broad wings of the PSF with the photometric aperture. Furthermore, the logistics of aircraft operations result in observation windows which are limited in duration and dependent on the flight plan chosen for a specific flight; this can result in the limited availability of measurements before or after a transit event and hamper the decorrelation of these various observational effects with the transit light curve.
Fortunately an expected dependence on Mach number has not been seen, and the residual systematic noise due to impacts of focus errors and high speed image jitter are much less than the photon noise if large circular synthetic photometric apertures are used (see also discussion in 4.1).
Other potential sources of systematic error that have not yet been investigated include higher-order extinction corrections, water vapor absorption in the z ′ band, possible polarization effects from the SOFIA tertiary mirror, and the impact of a known temperature-dependent astigmatism term in the PSF. We have also not yet investigated whether weighted aperture photometry is beneficial for precise photometric work. Furthermore, Rayleigh extinction is well behaved in flight because the aircraft flies at constant pressure (and therefore constant Rayleigh zenith optical depth) and the usual extinction correction can be applied. Ozone extinction can largely be avoided by proper filter selection and volcanic aerosols are thankfully uncommon. Pointing and focus errors, and variations with instrument and environmental factors must be decorrelated using SOFIA housekeeping data, to reach the high signal to noise needed for our differential transit depth measurements. While (35) and other observations did not directly detect any starspots by crossing events, a recent study by (26) argued that the measured slope at shorter wavelength could also partly be caused by unocculted star spots, reducing the contribution of Rayleigh scattering to molecular hydrogen and not necessarily dust in HD 189733 b's atmosphere.
Our SOFIA observations were designed to both examine the presence of a strong Rayleigh slope in the optical (using photometric observations in B and z ′ filters with HIPO) and either confirm or reject the existence of absorption from H 2 O in the NIR (using photometric measurements in FLITECAM's Paschen alpha 1.88 µm filter, just longwards of the current upper limit of HST and unobservable from the ground). While both of these features were already measured in various observations with HST WFC3 and NICMOS (see references above) they still added a compelling scientific value (reproduction and direct comparison) to our observations, which were mainly a proof of concept experiment for SOFIA. These observations leverage the advantages of SOFIA for simultaneous optical and near-infrared observations that are difficult or impossible from the ground, as well as providing an optimal target for initial tests of the precision possible for exoplanet transits with SOFIA.
Observation
We observed HD 189733 b during a transit on SOFIA's flight number 134 on UT Due to constraints on the flight plan imposed by requirements on the direction and timing of SOFIA flights, the observing period only allowed for a very short baseline before ingress and almost no baseline after egress. Two different instrument operators were running the blue and red sides and due to some problems with the general acquisition of stable condition for observing (see below), the blue side started later than the red side. In detail we got 0.00 hours before, 0.20 hours after, and 1.77 hours of in-transit for the blue side and 0.26 hours before, 0.20 hours after, and 1.76 hours of in-transit for the red side. The duty cycle for both HIPO channels is essentially 100 percent with a minimal dead time due to the CCD frame transfer of a few milliseconds, because in the frame transfer CCD the readout is overlapped with the next integration.
Various instrumental issues emerged before and during the flight that further hampered the ac- In order to capture the light that is passed through the SOFIA telescope's dichroic tertiary mirror (25% and 45% reflectivity for the B and z' bandpasses; see 20) to the Focal Plane Imager (FPI+) we had planned to save its image data for scientific analysis. Most of the visual light passes the tertiary beam splitter before it is reflected into the Nasmyth tube by the fully-reflective tertiary.
The peak transmission of the tertiary beam splitter is at 570 nm with 64% of the light passing the mirror. A significant amount of visual light is not transmitted but rather absorbed or reflected along with the longer, infrared wavelengths. However, in the range between 480 nm to 800 nm where the visual-light CCD cameras are most sensitive, more than 50% of the light is transmitted. The FPI+ contains a highly sensitive and fast EM CCD camera. Its images are primarily used for tracking but can also be stored without disrupting the tracking process and in parallel with measurements of the instruments mounted to the telescope. Unfortunately, the FPI+ suffered a failure of its controller electronics right at the beginning of the exoplanet observation leg, forcing us to abandon FPI+ data taking and tracking.
A faulty power supply in the controller electronics was found to be the cause of the failure.
Since its replacement the FPI+ has worked reliably during future flights, including a mission for an exoplanet transit observation in early 2014 (PI: Angerhausen & Dreyer, in prep.), where we were able to characterize its photometric performance. Starting with SOFIA observing cycle 4 (2015), the FPI+ will be made available for proposals as a facility science instrument.
The HIPO instrument was operated in Basic Occultation mode with full-frame read-out to maximize our field standard possibilities, though we later concluded that the available field standards were too faint to use for differential photometry measurements. Our final HIPO data set consists of about ∼2700 measurements of 3 s integrations on red side in the Sloan z ′ filter and ∼1000 
Data reduction

Image processing
Due to the failure of FLITECAM and FPI only the HIPO data was reduced. The raw HIPO CCD frames were bias-subtracted and overscan-corrected. Flat fielding was complicated by the fact that the shape of twilight sky flats did not match the behavior of moving star images. We suspect that this was due to a stray light issue, possibly due to insufficient baffling or due to the reflective conical "button" installed in the central obscuration of the SOFIA telescope to reduce FLITECAM's thermal background. In the B filter the 1-2% amplitude laser annealing pattern common in e2v
CCDs was apparent, and in both filters a pattern similar to vignetting was seen in the sky flats that was not seen in the positional dependence of star flux. Our final flat fielding approach for the B filter data was to fit the overall curvature with a low-order polynomial and divide it in the twilight flats leaving the laser annealing pattern intact but removing the overall curvature.Flat field correction was done with this modified flat. The removal of the low order curvature was necessary to isolate the low-level annealing patterns. Otherwise the flatfielding will be dominated by the high-flux sky flat and introduce a bias. The flatfielding then removes the annealing pattern. On the red side we bypassed flat field correction altogether. We are currently working on lab tests to understand and improve the flat fielding procedure for future HIPO observations.
Aperture photometry
We performed aperture photometry using large aperture diameters (60 arcsec) to reduce the effects of focus, jitter, and tracking errors. For our very bright target, sky and read noise contributions were each only ∼ 10% of the stellar photon noise even in this very large aperture (see also section 4.1).
We avoided PSF fitting because the shear layer PSF is not well represented analytically. However we did use PSF fitting to estimate the brightness ratio of the target and its faint late-type companion and to derive the characteristics of the PSF shape (i.e. FWHM, ellipticity) for each exposure. The total number of electrons per exposure is 5.81 × 10 6 in the B channel, and 1.44 × 10 7 in z ′ . The total number of sky electrons in this aperture is 1.46 × 10 5 for B, and 2.83 × 10 6 in z ′ . See section 4.1 for a detailed noise budget.
The initially derived transit depths were diluted due to the inclusion of the fainter companion star (HD 189733 B, M4V, d∼ 12", V∼ 10mag) in our photometric aperture. The dilution was undetectable in the B filter and ∼ 1.5% in the z ′ filter. Propagating this error into the final radius ratio, the correction for R p /R * should be 0.0012 at z ′ (see Table 3 , footnotes). any other stars in the aperture are unmeasurable in z'. In B neither companion is measurable.
Decorrelation and transit fitting
The absolute raw lightcurves obtained with aperture photometry clearly show a transit signature (see Figure 1) . Correction of flux variations using the nearby field stars was not necessary. However, the time series of the comparison stars were added to the base parameter set for the following analysis in order to allow for this correction if significant on a lower level. Table 1 lists the correlation of all parameters and shows that the effect of the comparison stars is negligible. Other observational parameters such as the focus, overscan or air density have a much larger correlation:
An initial inspection of the light curves revealed a significant amount of this correlated ('red') noise in the raw photometry, such as a short increase in flux during the transit, with a shape similar to the deviation that would be caused by the planet transiting a cooler starspot (37; 38). To avoid bias from this feature in our initial light curve fitting, we fit the light curves with the signature masked out. Absent out-of-transit baseline data we attempted to correct for the correlated noise by combining an analytic model for the exoplanet transit light curve (39) with a linear combination of normalized (through division by their mean) observational parameters p i (t), sampled at the same time as our exposures, as a model of the residuals (R model (t) = c i × p i (t)). For the light curve model, we fixed the planetary orbital parameters to values from previous observations (40, see Tables 2 and 3 ) but left the transit depth and stellar limb darkening (optional) as free parameters. The model parameters were optimized through a multiple linear regression analysis, and this noise model was then subtracted from the original data. Table 1 shows the (linear Pearson) correlation coefficients of each observational parameter with the respective residuals as well as the mean values that were used for normalization. This noise model was computed independently from the later MCMC analysis (see section 3.5) and no marginalization has been done over the instrument model correlation slope terms.
We choose this approach because the lack of baseline would have caused convergence issues and a high risk of running into degeneracies between the noise model and the actual transit depth. For the analysis of the cycle 2 data with more baseline and house keeping data we are working on various integrated approaches using either Gaussian processes or a marginalization over the parameter regression. For this analysis we estimate the maximum errors introduced very conservatively by calculating the difference between the standard deviations before and after correction (see Table 5) and using it to derive the outer error bars in Figure 7 . 
Analysis of a systematic effect during the transit baseline
As mentioned before, we initially excluded a number of datapoints showing a systematic offset (that at first was identified as a potential starspot feature, red data points in Figure 1 ) from our analysis, in order not to underestimate the resulting transit depth. In order to determine the source of this signature we looked for any potential dependence of the feature on our observational parameters. The density and overscan variations appeared to have a correlated behavior to the feature (see Figures 3 and 4) and also occur during an extremal value of the focus parameter (see Figure   2 ). To test this, we interpolated the noise models from the fits to the masked-out data onto the data in the region of the potential starspot feature (light blue models in Figures 4 and 3) . As an alternative approach we applied an identical fit of a linear combination of the observational parameters to the unmasked residuals and then subtracted this noise model from the data. Using this method we were able to almost fully correct for the feature (green models in Figures 3 and 4) . We can show that both models -the one based on the full light curve as well as the model extrapolated from the fit to the masked data -can correct for all of the spot in blue and most of it in red (see Figures 4   and 3) . A small signature in red remains, but the morphology still correlates with the overscan, density and focus parameters.
Considering the correlation with observational parameters and a wavelength dependence (z′ larger than B) that is opposite than expected from a starspot occultation. We therefore conclude that this light curve feature is most likely correlated with a non-linear dependence of the photometry with the observational parameters and is not caused by an astrophysical signal (as for example a starspot). 
MCMC Transit Fit
To determine the uncertainty in the light curve parameters properly, we analyzed the corrected transit lightcurves with the IDL Transit Analysis Package (TAP) (41) . The TAP software utilizes Markov Chain Monte Carlo (MCMC) techniques to fit transit light curves using the (39) model.
TAP uses EXOFAST (42) to calculate the models. The package incorporates a wavelet-based
likelihood function developed by (43) which allows the MCMC algorithm to assess parameter uncertainties more robustly than classic χ 2 methods by parameterizing uncorrelated 'white' and correlated 'red' noise. However, we did not use the TAP red noise modeling in our reduction, but instead tried to model the correlated noise using our observational parameters (see discussion in Section 3.3).
The planet-to-star radius ratio (R p /R * ), the time of mid-transit (T 0 ) and the above-mentioned white noise and airmass parameters were the only free parameters in our fit. We ran two iterations, one with the limb darkening parameters fixed to values from (44) and the other with the limb darkening parameters as fitted parameters.
(45) showed that fixing the limb darkening coefficients to theoretical values results in inaccuracies in the fitted planetary radius of more than 1-10%. They also demonstrated how the presence of stellar spots can be responsible for this disagreement between the limb darkening tables and the fitted limb darkening coefficients, but showed that this does not affect the precision of the planet radius determination. Our results in comparison to previous observations confirm this finding. The recent analysis of (46) confirms that fixing the limb darkening coefficients can lead to significant biases up to a few percent and also conclude that, in this case, the best approach is to let them be free in the fitting procedure.
The scaled semi-major axis (a/R * ), the inclination (i)), the orbital period (P ), the eccentricity (e) and the argument of periastron (ω) were fixed to previously published values (e.g., Table 2) because these parameters are usually difficult to constrain using only a single transit for each target and are very accurately determined for HD 189733 b. For each transit light curve, we ran 5 MCMC chains of 10 6 steps each.
Analysis of the Full Lightcurve
We showed that using a noise model, fitted as a linear combination of the observational vectors, enabled us to correct for most of the noise signature that looked like a potential starspot signature (see 3.4). Therefore we had to assume that it was most likely an instrumental effect and that we can also test our method on the whole data-set, including the potential starspot signature. For this analysis we used the same method as described above, but fitting our noise model and the transit lightcurve to all available data. Like the results shown in Figures 3 and 4 the full model was able to correct for the signature in the B channel but only partly in the z ′ channel. The fits to the full red lightcurve were clearly mislead by the above baseline values of this noisy signature (see e.g. Figure   4 ) leading to a much shallower estimate of the z ′ transit depth (see results in Table 4 ). Without more baseline data and corresponding housekeeping parameters it is hard to pin down the cause for this signature: since it strongly correlates with observational parameters (see Table 1 and Figures   3 and 4) we suspect non-linear effects that were left uncorrected from our linear noise model. In particular the TA focus value with a very high correlation value of 0.46 in z ′ (see Table 1 ) and an extreme value during the time of the signature (see Figure 2 , center) is known to have non-linear effects on the photometry. Therefore we chose to prefer the results of the lightcurves with these data excluded for our futher analysis.
Results
Our fit results for the corrected HIPO B lightcurves (see Figure 5 ) are shown in Table 2 , and our fit results for the corrected HIPO z ′ lightcurves (see Figure 6 ) are shown in Table 3 . We find transit depths in B and z ′ that are consistent with previous observations (see Figure 7 ) with HST's ACS and STIS instruments and confirm the slope in the optical most likely due to some form of Rayleigh scattering.
We believe the accuracy of future transit observations with SOFIA will be significantly improved compared with our current results (more in Section 5.2): Our observation suffered from a lack of out-of-transit baseline, decreasing the overall precision of the transit measurement, and there is also room for improvement in the understanding of the systematics caused by the air- (44) c Fixed in first fit in order to model red noise independently borne environment. Additionally, the observations were further degraded due to the low reflectivity (30%) of the current SOFIA tertiary mirror. Future observations with HIPO will seek to improve upon the first two areas, and we hope to reach a similar precision in the infrared with FLITECAM.
Comparison to Expected Photon Noise
We performed a calculation of the expected photon noise levels based on our observed star and sky signal levels. We find a signal in electrons per exposure of 5.81 × 10 6 in the B channel,and
The total sky contribution in this aperture in electrons is 1.46 × 10 5 for B, and 2.83 × 10 6 in z ′ . The total noise was computed by taking the square root sum of the shot noise values of the stellar signal (2410 e − B, 3800e − z ′ ), the shot noise contribution of the sky (40) b 0.0012 too low at z ′ due to companion contamination Table 5 .
background (380 e − B, 1680 e − z ′ ), and a read noise (6e − per pixel) of 975 e − on both sides.
This gives a total noise of 2600 e − in B and 4300 e − in z ′ , resulting in a final photon noise limited signal-to-noise ratio (SNR) of 2200 per 7 second integration in B, and 3400 per 3 second integration in z ′ . This is very close to the theoretically derived values of a SNR of 2010 in B and 3990 in z ′ from the HIPO exposure time calculator spreadsheet (provided by the HIPO instrument PI * ). Most of the difference is due to the sky contribution, which was unassessed prior to the observations. With our observation we were able to obtain real data on the sky background at SOFIA's flight altitude, which will be used to improve future exposure time estimates.
Adding an allowance for scintillation noise (a poorly understood contribution that may be im- * http://www.sofia.usra.edu/Science/ObserversHandbook Fig 6 Final lightcurve in HIPO z ′ , fit (blue, with free limb darkening). Triangles are averaged over 87 datapoints. For derived precision (also for the binned data) see Table 5 .
portant for bright stars like HD 189733 -here we used the recipe from the aforementioned HIPO exposure time calculator spreadsheet that is based on the findings in (20) ), the derived SNR values are adjusted downward to about 1900 in B and 2800 in z ′ . We used these numbers for comparison and also to model photon noise limited lightcurves to test the MCMC fitting routine. Indeed, we find that the limited amount of out of transit data increases the error by a factor of 1.5. The final photometric precision (600 ppm in B and 530 ppm in z ′ for the fitted parameter (R p /R * ), see Figure 7 , corresponding to 187 ppm in B and 165 ppm in z ′ for the actual transit depth (R p /R * ) 2 respectively) is close to two times the expected photon noise (see error bars in Figure 7 ). While our initial noise model(3.3) was able to reduce the raw standard deviation σ raw by about 50% in B and 30% in z ′ (see Table 5 ), we are still not at the photon noise lever yet. As already discussed . The error bars are given by the TAP MCMC routine. Our B and z ′ data points reproduce the slope in the optical, most likely caused by Rayleigh scattering, though with an overall smaller transit depth, with might be caused by a difference in unocculted starspots between the observed epochs (26) . Given that our observation (1) had very little out of transit baseline, (2) taken with an only 30% reflective tertiary and that (3) there is still room for improvement for the correction of systematics once they are better understood with further observations, we can report that SOFIA should be able to deliver space based data quality at least in the optical with HIPO. The goal for the future is to reach similar quality in the infrared with FLITECAM, to cover a wavelength region that will not be available after the end of Spitzer and the decommissioning of NICMOS until the start of JWST. briefly in 3.4 we suspect non-linearities, in particular in highly correlated observational parameters such as overscan, density or TA focus (see Table 1 and Figures 3 and 6 ) to be responsible for this residual correlated noise.
Summary and Conclusions
The results of our observation can be summarized as follows: We demonstrate absolute photometry in the airborne environment with the HIPO instrument and show that SOFIA is a quasi-space based platform for photometry in the optical. We have a reasonable understanding of the systematic noise of photometric observation in SOFIA's airborne environment, but there is still room for improvement. The biggest improvement would be a larger amount of baseline data to use for deriving the systematic error corrections.
HD 189733 b
A study of (34) provided the transmission spectrum across the entire visible and infrared range in a consistent analysis, including the general system parameters and stellar limb darkening. Their resulting spectrum does not confirm the predicted cloud-free atmospheres of highly-irradiated hot Jupiters. Instead they show a Rayleigh scattering slope over the whole visible and near-infrared range, with only narrow Na and K lines detected. (26) , however, argued that the slope between the visible and near-IR shown in Figure 9 can partly be caused by unocculted starspots and not Rayleigh scattering alone.
We were able to confirm this previous reported slope (34) , that can be explained by a haze of condensate grains, in the upper atmosphere of HD 189733 b (see Figure 7) . The slight overall offset between the SOFIA and HST observations, however, could indeed be explained by a difference in starspot coverage between the epochs and confirm the (26) interpretation that the slope is caused by unocculted starspot combined with Rayleigh scattering from molecular hydrogen only instead of dust. Furthermore a difference in spot coverage can also explain the difference between the fitted free limb darkening values from the fixed theoretical values and the divergent resulting transit depths in the corresponding fits (45; 46).
Comparison to other platforms
Our transit observation of HD 189733 b with SOFIA-FLIPO cover some of the bands that were observed with other platforms (HST and Spitzer). This enables us to compare SOFIA with the best existing observatories, paving the way for future observations of a wide range of exoplanet atmospheres with FLIPO on SOFIA.
The comparison of the sensitivity of our observation (187 ppm in B and 165 ppm in z ′ for the transit depth (R p /R * ) 2 ) with similar observations with HST and Spitzer (see Figure 7) show that SOFIA is a competitive platform in this field, in particular if viewed next to to the very first exoplanet observations with these platforms (1; 47; 48) . Comparing these early proof of concept observations with this very first SOFIA exoplanet observation illustrates this. In detail the room for improvement is threefold: (1) as described earlier the observatin was limited to less than a quarter of an hour out of transit baseline, about a factor 6-8 less data then actually expected (2) only about 30% of the light was passed to HIPO by the reflective tertiary, which provides room for about 3 times more signal (3) lessons learned from this and upcoming exoplanet observations (PIs: Angerhausen/02-0053, 03-0052, Dreyer/02-0084, Huber/03-0042 and Swain/03-0037) will further improvement our understanding for the correction of systematic noise.
Future prospects with SOFIA
The main goal for the future has to be to reach similar quality in the infrared with FLITECAM.
This will cover a wavelength region that will not be available after the end of Spitzer and the decommissioning of NICMOS until the start of JWST. In particular the planned observation to demonstrate FLITECAM's spectroscopic transit mode (PI: Swain/03-0037) will hopefully pave the way for this.
A fully reflective tertiary and speciality filters for HIPO (e.g. special filters to avoid O 3 and H 2 O, or to analyse narrow band K or Na) will further improve SOFIA's capabilities to characterize exoplanets. In contrast to space-telescopes it is possible and highly desired to update SOFIA with state-of-the-art instrumentation. With regard to upcoming calls for next generation instruments, we support the idea of equipping SOFIA with a dedicated 2 nd generation exoplanet instrument (e.g., NIMBUS 49) . Another important point is to ensure better baseline coverage for future observation, e.g. by allowing special deployments for these kind of time critical observations.
In the context of other platforms SOFIA has obvious synergies with ground-based telescopes:
SOFIA is 'filling the gaps' between bands that are unobservable from the ground due to mostly H 2 O absorption. These are crucial bandpasses to characterize important molecules (H 2 O, CH 4 , CO 2 , PAHs etc) in exoplanetary atmospheres. In particular after the rejection of characterization proposals for dedicated space observatories (like EChO or FINESSE), SOFIA is -until the start of JWST -the only quasi space based platform > 1.7 micron (HST WFC3 limit).
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